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and preliminary riding and walking traverses have already been 
designed for the site. The walking traverses as designed would 
provide both a backup in case of LRV failure and prime traverses 
in case of elimination of the LRV from the mission. 
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establishins equivalence of backup and prime walkina 
traverses 

concentration on development of walking traverses 

a decision on the desirability of TV for science 
and/or P I 0  

communications line of sight analysis to determine 
the utility of the LCRU 

initiation of MET desian to accommodate the above 
hardware, if required 

information on the effect of the MET on metabolic 
rate and velocity 

modification of EVA timelines to delete LRV and 
include MET deployment 

switch of emphasis in crew training from LRV and 
riding traverses to MET and walking traverses 

preparation of photo maps and traverse aids for 
walking traverses. 

time reauired to perform these tasks effectively must 
be determined in-order to zefine a date by which a decision 
must be made whether or not to fly the LRV. At present 
ware development appears to be the critical path, with 
decision on MET fabrication required in March. A delay 
decision requires dual development of riding and walkin 
missions with increased work load.e,,greater costs, and 
probable degradation in final phrformance. 
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MEMORANDUM FOR FILE 

A p o s s i b l e  de lay  i n  t h e  LRV d e l i v e r y  may f o r c e  
Apollo 1 5  t o  f l y  on schedule  b u t  wi thout  t h e  r o v e r ,  r e s u l - i n g  
i n  walking,  ra ther  than r i d i n g  t r a v e r s e s  a t  Hadley-Apennines. 
I f  l a t e  LRV d e l i v e r y  i s  determined t o  be a probable  e v e n t ,  a 
d e c i s i o n  t o  swi tch  t o  a walking mission may be made i n  t h e  
very nea r  f u t u r e ,  i n  which case a l l  p lanning  may be changed t o  
accommodate t h i s ,  o r  t h e  d e c i s i o n  may be delayed f o r  a number of 
months, i n  which case  dua l  planning f o r  both walking and r i d i n g  
t r a v e r s e s  must be  i n i t i a t e d  t o  provide f o r  e i ther  op t ion .  A 
number of d e c i s i o n s  and a c t i o n s  are r equ i r ed  t o  p l a n  walking 
t r a v e r s e s ,  as summarized i n  Figure 1 and d i scussed  below. The 
earlier t h a t  p lanning  for  walking t r a v e r s e s  i s  i n i t i a t e d  t h e  
better t h e  f i n a l  product  w i l l  be. 

The Apollo 15 landing s i te ,  Hadley N o r t h ,  w a s  chosen 
s p e c i f i c a l l y  t o  provide  t h e  c a p a b i l i t y  f o r  either r i d i n g  o r  
walking t r a v e r s e s .  A l l  primary o b j e c t i v e s  can be reached 
r e g a r d l e s s  of t h e  mob i l i t y  mode, a l though a g r e a t e r  d i v e r s i t y  
of samples can be obta ined  by r i d i n g .  Pre l iminary  r i d i n g  and 
walking t r a v e r s e s  have a l ready  been designed fo r  t h e  s i te .  
Both t h e  landing  p o i n t  l o c a t i o n  and t h e  t r a v e r s e s  can be 
expec ted  t o  change somewhat between now and f l i g h t  t i m e  due 
t o  normal matura t ion ,  t i m e l i n e  a l t e r a t i o n s ,  f l i g h t  p r o f i l e  
o p t i m i z a t i o n s ,  and changes i n  expected systems c a p a b i l i t i e s .  
O f  c o u r s e ,  a s  long as t h e  mission main ta ins  t h e  s t a t u s  of r i d i n g  
traverses as the primary mode and walking as a backup, it can 
be expec ted  t h a t  most of t h e  a t t e n t i o n  and e f f o r t  w i l l  be  ex- 
pended i n  developing LRV t r a v e r s e s ,  a l though planning f o r  
backup walking t r a v e r s e s  t o  a r i d i n g  mission i s  proceeding. 
Much of t h e  development f o r  r i d i n g  t r a v e r s e s  i s  a p p l i c a b l e  
d i r e c t l y  o r  w i th  some modi f ica t ions  t o  walking t r a v e r s e s  so 
t h a t ,  w i t h  cont inuing  development of walking traverses as a 
backup mode, these could  be brought t o  t h e  same s t a t u s  as 
r i d i n g  traverses i n  a r e l a t i v e l y  s h o r t  pe r iod  of t i m e  compared 
t o  t h e  development t i m e  of t h e  r i d i n g  t r a v e r s e s .  This  assumes 
t h a t  t h e  backup walking t r a v e r s e s  f o r  an LRV mission and t h e  
pr imary t r a v e r s e s  for  a walking mission are e s s e n t i a l l y  t h e  s a m e .  
A more formal agreement from t h e  s c i e n t i f i c  community t h a t  t h i s  
equ iva lence  is accep tab le  may be u s e f u l .  
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WALKING TRAVERSES 

Hardware Development 

I f  a d e c i s i o n  t o  f l y  wi thout  t h e  LRV i s  made r e l a t i v e l y  
e a r l y ,  cons ide rab le  e f f o r t  c a n  be a p p l i e d  t o  opt imiz ing  t h e  
walking t r a v e r s e s  t o  accommodate t h e  h ighe r  metabolic cost and 
lower v e l o c i t y  of walking. I n  t h i s  case d e c i s i o n s  must be made 
as t o  t h e  u t i l i t y  of a MET, t h e  LCRU, and t h e  TV. Te lev i s ion  
i s  n o t  r equ i r ed  f o r  s c i e n t i f i c  purposes ,  a l though it may c o n t r i -  
b u t e  t o  t h e  i n t e r a c t i o n  between t h e  c r e w  and ground-based 
s c i e n t i s t s .  Te lev i s ion  does ,  however, have cons ide rab le  P I 0  
va lue  and may be c a r r i e d  f o r  t h i s  reason alone.  I f  t h e  TV i s  
n o t  c a r r i e d  t h e  requirement f o r  t h e  LCRU depends upon t h e  
a t t e n u a t i n g  e f f e c t  of  l o c a l  t e r r a i n  on a s t r o n a u t  t r ansmiss ions  
t o  t h e  LM. De ta i l ed  t e r r a i n  and communications a n a l y s i s  may 
determine t h a t  t h e  LCRU i s  not needed f o r  t h e  l i m i t e d  r a d i u s  
of o p e r a t i o n s  of walking a s t r o n a u t s .  I f  t h e  TV and LCRU are 
c a r r i e d ,  t h e  u t i l i t y  of a MET t o  t r a n s p o r t  t h e s e  dev ices  would 
appear  t o  be c lear ,  and t h e  development of a MET des igned  t o  
c a r r y  t h i s  equipment i s  requi red .  Informal d i s c u s s i o n s  wi th  
MSC have revea led  t h a t  drawings f o r  a MET t r a i n e r  are almost 
complete,  and f a b r i c a t i o n  o f  t h i s  model i s  scheduled t o  be c o m -  
p l e t e  by A p r i l .  A March d e c i s i o n  t o  c o n s t r u c t  t h e  f l i g h t  a r t i c l e  
should permi t  June 1 d e l i v e r y .  

The e f f e c t  of t h e  MET, p a r t i c u l a r l y  wi th  t h e  LCRU, on 
walking v e l o c i t y ,  metabolic r a t e s ,  and f a t i g u e  i s  unknown and 
may have a s i g n i f i c a n t  e f f e c t  upon traverse p lanning .  Hope- 
f u l l y ,  s o m e  d a t a  on t h e s e  s u b j e c t s  w i l l  be obta ined  from Apollo 1 4  
expe r i ence  wi th  t h e  MET. I f  t h e  MET proves t o  s i g n i f i c a n t l y  
h i n d e r  l u n a r  locomotion, e i ther  because of t h e  e f f o r t  r equ i r ed  
t o  p u l l  o r  c o n t r o l  it or  through l i m i t a t i o n s  on walking v e l o c i t y ,  
e i t h e r  t h e  walking t r a v e r s e s  would have t o  be c u r t a i l e d ,  an a l -  
t e r n a t e  mob i l i t y  a i d  would be r e q u i r e d ,  o r  t h e  crew would have 
t o  c a r r y  a l l  t h e  equipment. S ince  t h e  load on Apollo 15  i s  much 
g r e a t e r  t han  on t h e  Apollo 1 4  MET an examination of whether 1 
or 2 METs can most e f f i c i e n t l y  t r a n s p o r t  t h e  payload i s  r equ i r ed .  

T ra in ing  and Procedures 

The d e l e t i o n  of t h e  LRV impacts c r e w  t r a i n i n g ,  w i th  
changes t o  both  t h e  t r a v e r s e s  and t h e  EVA t i m e l i n e .  The crew 
must be t r a i n e d  t o  deploy and p u l l  t h e  MET, r a t h e r  t han  o p e r a t e  
t h e  LRV. This  may a c t u a l l y  r e s u l t  i n  a t i m e  s av ings ,  s i n c e  
t h e  MET i s  easier t o  deploy and o p e r a t e  than  t h e  LRV, and thus  
should r e q u i r e  less t r a i n i n g .  The l a t e r ,  however, a d e c i s i o n  
would come t o  swi tch  from t h e  LRV t o  t h e  MET, t h e  more t i m e  
would a l r eady  have been i r r e t r i e v a b l y  inves t ed  i n  LRV related 
t r a i n i n g .  The deployment procedures f o r  t h e  MET would have 
t o  be developed and i n t e g r a t e d  i n t o  t h e  t ime l ine .  Based upon 
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p a s t  performance, t h i s  development should be p o s s i b l e  i n  less 
than  a month, a l though increased  t i m e  would r e s u l t  i n  g r e a t e r  
e f f i c i e n c y  and f i n e s s e .  

The success  of t h e  f i e l d  geology i n v e s t i g a t i o n  de- 
pends upon crew f a m i l i a r i t y  with t h e  t r a v e r s e s  and t h e  r a t i o n a l e  
behind t h e i r  des ign .  The crew should be a b l e  t o  perform t r a -  
v e r s e s  w i t h  a s  l i t t l e  a s  a week's exposure t o  them. The 
s c i e n t i f i c  r e t u r n  w i l l  i nc rease  s i g n i f i c a n t l y  as t h e i r  fami l -  
i a r i t y  w i t h  t h e  geology, geography, s t a t i o n  a c t i v i t i e s ,  and 
l o g i c  f o r  t r a v e r s e  des ign  i s  increased .  Only based upon t h e i r  
knowledge of t h e  reasons f o r  t he  placement of s t a t i o n s  and 
s e l e c t i o n  of samples w i l l  t h e  c r e w  be a b l e  t o  make u s e f u l  real  
t i m e  judgements on sampling s t r a t e g y .  T h i s  knowledge i s  
c r i t i c a l  t o  s c i e n t i f i c  r e t u r n  and i s ,  a f t e r  a l l ,  t h e  primary 
reason  t h a t  man, r a t h e r  than  machine, i s  being s e n t  t o  t h e  
moon. S u f f i c i e n t  lead t i m e  m u s t  be provided t o  accommodate 
c r e w  f a m i l i a r i t y  wi th  the  t r a v e r s e s  and t h e  des ign  r a t i o n a l e .  
The p r e p a r a t i o n  of photomaps and t r a v e r s e  a i d s  r e q u i r e s  know- 
ledge  of t h e  traverses t o  be performed. Although these i t e m s  
could be prepared i n  a r e l a t i v e l y  s h o r t  t i m e ,  t h e i r  q u a l i t y  
i n c r e a s e s  s i g n i f i c a n t l y  as more lead t i m e  i s  provided. 

DELAYED DECISION 

I f  t h e  d e c i s i o n  whether or n o t  t o  f l y  t h e  LRV i s  
de layed  and p rov i s ion  i s  made t o  adopt  ei ther t h e  walking or 
t h e  r i d i n g  o p t i o n ,  a l l  of t h e  a c t i v i t i e s  described above would 
have t o  be c a r r i e d  o u t  i n  a d d i t i o n  t o  those which would normally 
be r e q u i r e d  fo r  r i d i n g  missions.  This  could be expected t o  
g r e a t l y  i n c r e a s e  t h e  work load of those involved and would re- 
duce t h e  t i m e  which could be a p p l i e d  t o  developing e i ther  o p t i o n ,  
w i t h  r e s u l t a n t  p o s s i b l e  degrada t ions  i n  p r e p a r a t i o n  and per -  
f ormance . 

The crew would have t o  t r a i n  t o  deploy and o p e r a t e  
t h e  LRV as w e l l  as t h e  MET. Two sets of EVA t i m e l i n e s  and t w o  
sets of t r a v e r s e s  w i t h  a s soc ia t ed  r a t i o n a l e  would have t o  be 
developed i n  d e t a i l  and crew t r a i n i n g  for both would probably 
r e s u l t  i n  decreased c a p a b i l i t y  f o r  e i t h e r .  I n  a d d i t i o n ,  two 
sets of photo maps and traverse a i d e s  would have t o  be prepared.  
Thus a delayed d e c i s i o n  would n e c e s s i t a t e  i nc reased  e f f o r t ,  
would i n c u r  g r e a t e r  expense,  and would probably r e s u l t  i n  a 
reduced overal l  c a p a b i l i t y .  

SUMMARY 

The c u r r e n t  Apollo 15 landing  s i t e  provides  t h e  capa- 
b i l i t y  t o  o b t a i n  a l l  primary o b j e c t i v e s  on e i t h e r  r i d i n g  or 
walking traverses. A r e l a t i v e l y  e a r l y  d e c i s i o n  t h a t  t h e  LRV 
would n o t  be a v a i l a b l e  f o r  t h e  f l i g h t  would r e q u i r e :  
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The lead 

establishing equivalence of backup and prime wa1kir.g 
traverses 

concentration on development of walking traverses 

a decision on the desirability of TV for science 
and/or PI0 

communications line of sight analysis to determine 
the utility of the LCRU 

initiation of MET design to accommodate the above 
hardware, if required 

information on the effect of the MET on metabolic 
rate and velocity 

modification of EVA timelines to delete LRV and 
include MET deployment 

switch of emphasis in crew training from LRV and 
riding traverses to MET and walking traverses 

preparation of photo maps and traverse aids for 
walking traverses. 

time required to perform these tasks effectively must 
be determined in-order to hefine a date by which a decision 
must be made whether or not to fly the LRV. Hardware develop- 
ment would appear, at present, to be the critical path, with 
a decision on MET flight unit fabrication required in March. 
If the decision is delayed, dual development of walking and 
riding traverses to provide for both options would result 
in a large increase in work load for mission planners, greater 
crew training requirements, and probably degradation in final 
performance. If walking as an option is to be provided for, 
a decision to emphasize serious 
required. 

work on walking-missions is 
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